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ABSTRACT

Aim. To study the characteristics of the course of arterial hypertension (AH) and subclinical cardiac damage during
breast cancer chemotherapy with doxorubicin.

Materials and methods. The study included a total of 27 women with breast cancer (BC) and a history of controlled
hypertension who were to receive chemotherapy with anthracyclines. Twelve women had stage 1 hypertension;
15 women had stage 2 hypertension. The patients received dual antihypertensive therapy according to clinical
guidelines. All patients underwent echocardiography and 24-hour blood pressure monitoring at baseline, after the
last course of chemotherapy, and 12 months after the end of chemotherapy. The control group included 35 women
with BC without a history of AH, who also were to receive anthracycline chemotherapy.

Results. A significant relationship between pre-existing AH and the development of left ventricular systolic
dysfunction 12 months after the completion of chemotherapy (p = 0.01) was found. According to 24-hour blood
pressure monitoring, 15 women (55.6%) showed deterioration of blood pressure control after the completion of
chemotherapy, which required modification of antihypertensive therapy by adding one more drug to the treatment
regimen. At 12 months after the end of chemotherapy, in 13 women, hypertension control was reached with triple
antihypertensive therapy. In two women, hypertension became resistant, which required prescription of a four-
component antihypertensive regimen.

Conclusion. Pre-existing AH plays an essential role in the development of anthracycline-induced cardiotoxicity,
despite the quality of blood pressure control. Polychemotherapy with anthracyclines may deteriorate blood pressure
control in patients with AH, which requires addition of antihypertensive drugs to the treatment regimen.
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PE3IOME

Heus. M3ydyenne ocobeHHOCTEN TeueHUs apTepraibHOil runeprensuu (Al') n pa3BuTHs cyOKIMHUYECKOTO Oopa-
JKEeHHsI cep/a Ha QoHe XUMHOTEpannH JOKCOPYOULIMHOM paka MoJIouHOit xene3sl (PMIK).

Marepuaibl 1 MeToAbl. B uccnenoBanue BiitoueHsl 27 sxeHuuH ¢ PMIK, numeromux B aHaMHe3e KOHTPOJIH-
pyemyto AL, koTopsiM uiaHupoBaiach nonuxumuoTepanus (I1XT) ¢ ucnons3oBaHueM aHTPAIMKIHHOBBIX aHTH-
OMOTHKOB. Y 12 *KEHIINH 3aperucTpUpOBaHa THIICPTOHIYECKast 00JIe3Hb 1-if cTaauu, y 15 )KeHIuH — 2-i cTaauu.
[TarueHTKH 1M0JTyYaan JBOMHYIO aHTUTHIIEPTEH3UBHYIO TEPAITUIO COIIACHO KIIMHUYECKUM peKoMeHanusM. Beem
MaIMEHTKaM TPOBOIMIIACH dXOKapAHOrpadusi U CyTOYHOE MOHUTOPUPOBAHUE apTepHATbHOTO naBieHus (AJl) uc-
XOJHO, TI0CJIe IIOCIEHEro Kypea 1 uepes 12 mec nocie okonuanus IIXT. B rpynmy KoHTposis BKItOUEeHbI 35 XKeH-
e ¢ PMOK 6e3 AT” anamHe3e, KOTOPBIM TaKKe IJIAHUPOBAIach TEPAITUs aHTPAIIUKIMHAMH.

Pe3yasTatsl. Habmonanacs 3HaunMas B3aMOCBSI3b MEXTy paHee CyIecTBoBaBIIei A’ 1 pa3BUTHEM CHCTOIHYE-
CKOIT HCc(YHKIUEH JIeBOTO kKenyaouka yepe3 12 mec nocite 3aBepireHus xumuorteparmuu (p = 0,01). Ilo maHHBEIM
cyrouHoro MmouutopupoBauus AJl, y 15 xenmmn (55,6%) 3aperucTpupoBaHo yxyamenne KoHTponst AJl mocie
oxoruanus I1XT, uto morpeboBano MoaM(HKAMN AHTUTUIEPTCH3NBHON TEPANNN ITyTeM JHO00aBICHUS B CXEMY
JIeUeHHs JIOTOIHUTENIbHOTO Tpernapara. Yepes 12 mec nocne okonuanust I1XT y 13 sxenmmn Al' nmena koHTpo-
JMPYEeMBIi XapaKkTep TeYeHHsI, 9TO OBLIO JOCTUTHYTO TPOHHON aHTHTHIEPTEH3UBHOI Tepanue; y AByX >KCHIINH
AT nmpuobpena pe3UCTEeHTHBIN XapaKTep TEUSHHUs, YTO MOTPeOOBAIO HAa3HAUEHHMS YeTHIPEXKOMITOHEHTHOH CXEMbI
THIOTEH3UBHON TEpaIni.

3akaouenne. Panee cymecrBoBaBmas Al' urpaeT oueHb BaXKHYIO PONIb B Pa3BUTHM KapAMOTOKCUYHOCTH, BbI-
3BaHHON XUMHOTEpAINel Ha OCHOBE aHTPALMKINHOB, HECMOTPS Ha KauecTBO KOHTpoist A/l. [Tomuxumuorepanus
AQHTPAIMKINHAME MOXET yXymaTh KOHTpoiab AJl y 60mbHBIX ¢ A, 4TO COMPOBOXKIAETCS HEOOXOIUMOCTBIO J0-
6aBiIeHMs IOTIOTHUTENBHBIX AHTUTHIIEPTEH3UBHBIX IIPETIapaToB.

KiroueBbie ciioBa: apTepuajbHas r'UnepTeH3rs, XUMUOTEpAlus, aHTPAlUKINHBI, CE€pACHYHasl HEAOCTAaTOYHOCTD,
KapIMOOHKOJIOT UL

KOHq)J’IHKT HUHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C ny6n1/11<auneﬁ HaCTOHH.IefI CTaTbHU.
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Hcrounuk ¢puHaHCHPOBaHUA. ABTOPBI 3asBIAI0T 00 OTCYTCTBUU (PUHAHCHUPOBAHMUS IIPU IPOBEACHUH HCCIIEIO-

BaHUA.

CooTBeTCTBHE NMPUHIHUIAM 3TUKH. Bcee MalUCHTHBI MOAINUCATIN I/IH(bOpMI/IpOBaHHOC corjlacue€ Ha y4aCTue€ B UC-
CJICNOBAaHUH. I/ICCJ'ICZ[OBaHI/Ie 0;[06peH0 JIOKQJIbHBIM 3THYeCKUM KomuTeToM ['BY?3 <<Fopoz[0Kaﬂ KIIMHUYECKas 110-

mukauHEKa Ne 16» (mporokoi Ne 245 ot 25.11.2020).

Ja nurupoBanus: bepesuxosa E.H., lllunos C.H., Ilonosa A.A., Heynokoesa M.H., TenmsixoB A.T., ['pako-
Ba E.B., Konbera K.B., Kamoxxun B.B., FOmmn A.1O. Teuenue aprepuanbHON runepTeH3nu Ha (POHE XUMUOTEpa-
MK paKa MOJIOYHOH JKeJie3bl aHTPAMKINHAMHE. brosiemens cubupckotl meduyunst. 2024;23(3):5—15. https://doi.

org/10.20538/1682-0363-2024-3-5-15.

INTRODUCTION

Arterial hypertension (AH) is one of the most
common diseases in the general population. Its
prevalence reaches up to 30-45% and increases with
age [1]. Cancer is also a common pathology, which
is the second leading cause of death worldwide [2].
The average age of population is increasing, and
cancer patients have longer overall survival due to
improved anticancer therapy [2]. In addition, some
risk factors associated with the development of AH,
such as obesity, type 2 diabetes mellitus, smoking,
and sedentary lifestyle, are also associated with the
development of malignant neoplasms [3]. Therefore,
it is not surprising that an increasing number of
cancer patients seek medical care with a history of
AH. In a review by M. Jain et al., the incidence of
AH in cancer patients reached 37%, making it the
most common concomitant cardiovascular disease
reported in patients with malignant neoplasms [4]. On
the other hand, AH is also a common complication in
cancer patients which develops during certain types
of chemotherapy [5, 6].

Childhood Cancer Survivor Study, which
compared more than 10,000 adult survivors of
childhood cancer with 3,000 siblings, showed that
patients with a history of cancer were more likely to
have AH than the general population. The researchers
found that the prevalence of AH was 40% versus
25% at the age of 45 years, respectively [7]. AH
may increase the risk of chemotherapy-induced
cardiotoxicity and, if poorly controlled, can lead to
discontinuation of treatment for the malignancy [5,
6]. AH can develop in patients receiving various
types of chemotherapy following direct effects or an
indirect effect through mechanisms associated with
nephrotoxicity [8].

The main anticancer drugs which effect may
be complicated by AH are vascular endothelial

growth factor (VEGF) inhibitors and tyrosine kinase
inhibitors (TKIs). A recent meta-analysis assessed
the risk of cardiovascular disease during TKI therapy
compared to standard chemotherapy. Seventy-one
randomized controlled trials involving more than
29,000 patients were included in the review. The
results showed that the relative risk of developing
AH during TKI therapy was 3.78 (95% confidence
interval (CI) 3.15-4.54) compared to the age- and
comorbidity-matched controls [9]. AH was reported
in 50% of patients receiving anti-VEGF therapy
[10]. In the meantime, there are practically no studies
on the effect of anthracyclines on the course of AH
which was manifested before the initiation of cancer
chemotherapy.

The aim of the study was to investigate the
characteristics of the course of AH during breast
cancer chemotherapy with doxorubicin.

MATERIALS AND METHODS

The protocol for the 12-month prospective study
included patients who signed an informed consent to
participate in the study. The study was approved by
the local Ethics Committee at City Clinical Hospital
No. 16 (Protocol No. 245 of 25.11.2020).

Inclusion criteria: 1) women aged 40—60 years with
BC; 2) use of AC (doxorubicin + cyclophosphamide)
or TAC (doxorubicin + cyclophosphamide -+
docetaxel) chemotherapy regimens; 3) complete
remission for BC within 12 months after the end of
polychemotherapy (PCT); 4) controlled stage 1-2
hypertension.

Exclusion criteria: 1) confirmed cardiovascular
pathology before the initiation of chemotherapy,
except for hypertension (heart valve disease,
cardiomyopathy, chronic heart failure, history of
primary pulmonary hypertension); 2) the use of
targeted therapy drugs and aromatase inhibitors for
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the treatment of BC; 3) relapse of BC or emergence
of new cancer during the follow-up; 4) type 1 and
2 diabetes mellitus; 5) concomitant severe renal,
hepatic or multiple organ failure; 6) indications
of poor drug tolerance; 7) anemia; 8) chronic
alcoholism, mental disorders.

The patients were followed up at three stages:
before the initiation of anthracycline therapy, after the
lastcourse of PCT, and 12 months after the completion
of BC therapy. At the indicated observation points,
echocardiography (echo) and 24-hour BP monitoring
were performed. During echo, linear and volumetric
heart chamber dimensions were assessed; left
ventricular ejection fraction (LVEF) was calculated
by the Simpson method, and the thickness of the
walls of the left and right ventricles was measured.
Left ventricular myocardial mass (LVMM) and left
ventricular mass index (LVMI) were determined
from M-mode measurements in accordance with
the recommendations of the American Society of
Echocardiography (ASE). Given prevalence among
the examined individuals with excess body weight,
LVMI was calculated using the formula LVMM /
height®’. Global longitudinal strain (GLS) of the LV
was studied by two-dimensional speckle tracking
echocardiography.

The characteristics of the course of AH were
assessed in 27 women with BC during chemotherapy

and for 12 months after its completion. We also
assessed initial signs of asymptomatic myocardial
dysfunction according to cardiotoxicity criteria
after BC chemotherapy with anthracyclines
proposed by the European Society of Cardiology
in 2022 [6]: LVEF > 50% and a decrease in left
ventricular GLS by more than 15% from the baseline
value.

The control group included 35 women with BC
without a history of AH, who also received BC
therapy using AC or TAC regimens. In this group,
the development of AH and other cardiovascular
diseases, including anthracycline-induced cardiac
dysfunction, was assessed within 12 months after
the end of PCT.

Statistical processing of the results was carried
out using the STATISTICA 13.3 software package
(StatSoft, Inc., USA). Quantitative variables were
presented as the median and the interquartile range
Me (Q,5; O.5). To compare two independent samples,
the Mann — Whitney test was used. The critical
significance level p for all statistical procedures was
taken equal to 0.05.

RESULTS

Prior to PCT, the studied groups of women with
BC were comparable in age, body mass index, and
LVEF (Table 1).

Table 1
Baseline characteristics of patients depending on the presence of AH
Parameter Patients with AH, n =27 Patients without AH, n = 35 P
Age, years, Me (Q,,; O,,) 51 (48; 56) 50 (46; 53) 0318
Body mass index, kg / m?, Me (Q,; 0., 25.2(23.6; 26.9) 24.8 (23.1;26.3) 0.183
Cumulative dose of doxorubicin, mg / m?, Me (Q,; Q,.) 360 (300; 360) 360 (300; 360) 0.893
Chemotherapy regimen, n (%):

-AC; 15 (55.6) 20 (57.1) 0.729

-TAC 12 (44.4) 15 (42.9) 0.773
Left-sided radiation therapy, n (%) 9 (33.3) 11 (31.4) 0.851
Stage of hypertension, n (%):

— stage 1; 12 (44.4) - -

— stage 2 15 (55.6) - -
Heart rate, Me (Q,; O,,) 72 (66; 77) 76 (68; 82) 0.095
Systolic BP, mm Hg., Me (Q,; O,) 125 (1205 130) 115 (1105 120) 0.031
Diastolic BP, mm Hg., Me (Q,; O,.) 75 (70; 80) 70 (70; 80) 0.062
LVEF, %, Me (O,; O.) 63 (59; 66) 61.0 (58; 64) 0.261
GLS, %, Me (Q,; O,,) -19.3 (-17.8;20.5) —19.6 (-18.0; 20.7) 0.692
LVML, g/ m?* Me (Q,5; O, 109.4 (89.3; 126.4) 85.2(75.1;92.8) <0.001
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Table 1 (continued)

Parameter

Patients with AH, n =27

Patients without AH, n =35 P

Antihypertensive therapy, n (%):
— ACE inhibitors;
— ARBs;
— DCCBs;
— diuretics;
— B-adrenergic blockers

16 (59.3) - -
11 (40.7) - -
17 (63.0) - -
7(25.9) - -
3(11.1) - -

Note. Here and in Table 2: AH — arterial hypertension, AC — polychemotherapy regimen (doxorubicin + cyclophosphamide), TAC —
polychemotherapy regimen (doxorubicin + cyclophosphamide + docetaxel), LVEF — left ventricular ejection fraction, BP — blood pressure, LVMI —
left ventricular mass index, ACE — angiotensin-converting enzyme, ARB — angiotensin receptor blocker, DCCB — dihydropyridine calcium channel

blocker, GLS — global longitudinal strain. p — probability of type I error.

In patients with AH, a significantly increased
LVMI was registered (p < 0.001) compared to the
control group. The cumulative dose of doxorubicin
and the applied PCT regimens were comparable in
the groups. Before the initiation of PCT, stage 1
hypertension was registered in 12 women, and stage
2 hypertension — in 15 women with AH.

Asignificant correlation was revealed between pre-
existing AH and the development of left ventricular
systolic dysfunction 12 months after the completion
of chemotherapy (p = 0.01) (Table 2): according to
the criteria of the European Society of Cardiology
[6], signs of anthracycline-induced cardiotoxicity
were recorded in 6 (22.2 %) women with AH and in
2 (5.7%) patients in the control group.

In 15 women (55.6%) with AH, deterioration
of blood pressure control was recorded after

completion of PCT, which required modification of
antihypertensive therapy by adding one more drug
to the treatment regimen. In the control group, two
people developed stage 1 hypertension within 12
months after the completion of PCT, the control of
which was not achieved by lifestyle modification
and required prescription of two antihypertensive
drugs. In women with AH after the completion
of PCT, a non-significant increase in LVMI was
noted.

At 12 months after the end of chemotherapy, in
13 women, hypertension control was reached with
triple antihypertensive therapy. In two women,
hypertension became resistant, which required
prescription of a four-component antihypertensive
regimen with the addition of mineralocorticoid
receptor antagonists (Figure).

Table 2

Changes in the main clinical and echocardiography parameters in the study groups

Parameter At baseline

| After the end of PCT | Twelve months after the end of PCT | )4 ‘

Patients with AH, n =27

Stage of hypertension, 7 (%):
—stage 1; 12 (44.4) 12 (44.4) 10 (37.0) 0.416
— stage 2 15 (55.6) 15 (55.6) 17 (63.0) 0.416
Heart rate, Me (Q,; 0., 72 (66; 77) 76 (71; 80) 70 (65; 74) 0.272
Systolic BP, mm Hg., Me (Q,; O..) 125 (1205 130) 130 (120; 135) 125 (1205 130) 0.612
Diastolic BP, mm Hg., Me (O,; O..) 75 (70; 80) 80 (75; 85) 75 (70; 80) 0.749
LVEF, %, Me (O,; O.,) 63 (59; 66) 62 (58; 66) 59 (55; 62) 0.083
GLS, %, Me (Q,; O.,) -19.3 (-17.8;20.5) | —18.2(-16.9; 19.8) —18.0 (-16.8; 19.4) 0.174
Development of anthracycline-induced cardiac 3 3 6(22.2) B
dysfunction, n (%) )
LVML, g/ m? Me (Q,.; O..) 109.4 (89.3; 166.4) | 107.8 (91.2; 127.5) 114.3 (90.1; 132.6) 0.153
Antihypertensive therapy, n (%):
— ACE inhibitors; 16 (59.3) 16 (59.3) 16 (59.3) 1.0
—ARBs; 11 (40.7) 11 (40.7) 11 (40.7) 1.0
—DCCBs; 17 (63.0) 27 (100.0) 27 (100.0) 0.023
— diuretics; 7(25.9) 9(33.3) 7(25.9) 1.0
— B-adrenergic blockers; 3(11.1) 6(22.2) 8(29.6) 0.041
—MCRAs — — 2(7.4) 0.932
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Table 2 (continued)

Parameter At baseline

After the end of PC | Twelve months after the end of PCT | P

Patients without AH, n = 35

Stage of hypertension, 7 (%):

— stage 1; - - 2(5.7) -
— stage 2 - — - —
Heart rate, Me (Q,; O,,) 76 (68; 82) 81 (75; 88)
Systolic BP, mm Hg., Me (Q,; O..) 115 (110; 120) 115 (110; 120) 115 (110; 120) 0.621
Diastolic BP, mm Hg., Me (0,; Q. 70 (705 80) 70 (705 80) 70 (705 80) 0.811
LVEF, %, Me (Q,,; O,,) 61.0 (58; 64) 60,0 (57; 64) 59 (57; 62) 0.354
GLS, %, Me (Q,; O.,) -19.6 (-18.0; 20.7) | —18.7 (-17.5;20.1) -19.2 (-17.9; 20.5) 0.452
Developrpent of anthracycline-induced cardiac _ B 2(5.7)* _
dysfunction, n (%)
LVMLI, g/ m?, Me (Q,;; O.,) 85.2 (75.1;92.8) 86.4 (74.2;93.8) 87.1(75.4;93.1) 0.632

Parameter At baseline

Afte the end of PCT | Twelve months after the end of PCT p

Antihypertensive therapy, n (%):
— ACE inhibitors; -
—ARBs; -
— DCCBs; -
— diuretics; _
— B-adrenergic blockers; -
— MCRAs _

*p=0.01 compared to the AH group.
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Figure. Number of antihypertensive drugs in the groups of patients with AH, %

DISCUSSION

Anthracyclines have broad antitumor activity.
They are highly effective and are among the most
frequently prescribed drugs for the treatment of
malignant neoplasms. However, their clinical use
is limited due to excessive generation of reactive
oxygen species (ROS) and the development of
cardiotoxicity with progression to heart failure [5,
6]. It was proven that the presence of cardiovascular

diseases, including AH, is a risk factor for the
development of myocardial dysfunction [5, 6].

This phenomenon was confirmed in our study: the
development of anthracycline-induced cardiotoxicity
12 months after the end of PCT was more often
(» = 0.01) registered in women with AH than in the
control group. In the meantime, there are practically
no studies on the effect of anthracyclines on the course
of AH manifested before the initiation of antitumor
chemotherapy. In our work, 55.6% of patients with
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AH showed deterioration of blood pressure control
after completion of PCT. The effect of anthracyclines
on BP may be due to the development of endothelial
dysfunction and activation of the renin —angiotensin—
aldosterone system (RAAS) and sympathoadrenal
system during and after the use of anthracyclines,
which is confirmed in a number of experimental
studies and clinical trials.

Recently increasing attention has been paid to
anthracycline-induced endotheliotoxicity [11]. Many
studies have confirmed that anthracycline-induced
endotheliotoxicity, as well as cardiotoxicity and
nephrotoxicity, drastically limits their clinical use
[5, 6, 11]. Therefore, doxorubicin can cause severe
damage to the vascular endothelium. Excessive
generation of ROS is known to cause subsequent
development of anthracycline-induced cytotoxicity
[12], which can lead to endothelial dysfunction,
affecting the course of AH.

According to M.M. Said-Ahmed et al,
administration of cumulative doses of doxorubicin
at a dose of 10, 15, and 20 mg / kg for two weeks
resulted in a dose-dependent increase in plasma
endothelin-1 (ET-1) levels by 85, 76, and 97%,
respectively. In the meantime, the level of nitric oxide
(NO) in the blood plasma did not change, while the
production of NO in the myocardium significantly
increased [13]. A recent study demonstrated a
decrease in the effectiveness of NO-dependent
mechanisms regulating vascular tone during a single
dose of chemotherapy at 4 mg / kg [14]. On the other
hand, a number of studies have demonstrated an
increase in NO production, which is associated with
upregulation of the inducible NO synthase (iNOS)
and endothelial NO synthase (eNOS) genes [15, 16].
High concentrations of NO produced by the iNOS or
eNOS enzymes stimulate generation of peroxynitrite
following a reaction with superoxide anion. The
resulting peroxynitrite leads to lipid peroxidation
[17], which can result in damage to endothelial cells.

Studies examining the ET-1/ NO axis found low
eNOS activity in the presence of severe endothelial
damage, whichmay lead toincreased ET-1 levels[18].
J. Yamashita et al. showed that monitoring plasma
ET-1 levels can help detect subclinical cardiotoxicity
of doxorubicin [19]. Excessive levels of intracellular
calcium, which are caused by anthracyclines, are
known to contribute to mitochondrial dysfunction,
high-energy phosphate depletion, increased muscle

stiffness, impaired contractile function, and cell
death. ET-1 can induce the production of inositol
phosphates, which increase intracellular Ca** levels
by releasing it from intracellular stores. This process
results in calcium overload of endothelial cells [20].

To date, the influence of anthracyclines on the
activity of the RAAS, which is a complex hormone
system crucial for both normal functioning of the
cardiovascular system and regulation of the fluid and
electrolyte balance of the body, has been proven. An
imbalance in the RAAS leads to diseases, such as
AH, heart failure, and even cancer [21]. Available
data make it clear that increased angiotensin II (ATII)
activity is one of the key events in anthracycline-
induced endothelial dysfunction. The significant
effect of ATII may be due to its increased synthesis
or enhanced signaling from receptors.

M. Zheng et al. noted a three-fold increase in the
level of ATII in the blood plasma of animals treated
with doxorubicin compared to the controls [22]. High
levels of ATII were also found in the myocardium
and paraventricular nucleus of the hypothalamus
(one of the centers regulating the cardiovascular
system) [23]. These results indicate that under the
influence of anthracyclines, ATII affects not only the
heart and blood vessels, but also central control of the
cardiovascular system. The ability of anthracyclines
to induce excitation of the sympathetic nervous
system at the central level has been proven [24].

In addition, it has been shown that under the
influence of anthracyclines, renin activity increases,
stimulating greater conversion of angiotensinogen
to angiotensin I (ATI) [25]. A significant increase
in ATI levels after doxorubicin administration may
be an indirect sign of increased renin activity. At
the same time, aliskiren, which is a renin inhibitor,
caused a decrease in the concentration of ATI [25].

Another mechanism is associated with increased
activity of angiotensin-converting enzyme (ACE).
Long-term treatment with doxorubicin led to a
significant, almost 2.3-fold increase in ACE activity
in the heart of hamsters compared to control animals
[26].

ATII exerts its effects through angiotensin type
1 (AT1R) and angiotensin type 2 receptors (AT2R).
However, ATIR appears to play a key role in the
development of anthracycline-induced endothelial
dysfunction. [t was shown that doxorubicin stimulated
ATIR mRNA expression with an increasing drug
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dose in cardiomyocytes [27]. In contrast to ATIR,
AT2R, which mediates the protective effects of
ATII, is inhibited by doxorubicin [28].

Therefore, we can conclude that the use of
anthracyclines results in an imbalance of the
main RAAS axes, namely hyperactivation of the
angiotensinogen / ATII / ATIR axis. Consequently,
the interference of doxorubicin in the secretion of
essential endothelial factorsandthe RAAS, whichplay
a crucial role in the functioning of the cardiovascular
system, leads to a decrease in its adaptability. There
is now growing evidence that anthracyclines may
directly increase the risk of developing AH. Potential
mechanisms include decreased capillary density,
impaired neovascularization, and histologic changes
in the vasculature, including intimal hyperplasia,
luminal stenosis, and loss of smooth muscle cells
[29]. In addition, vasomotor dysfunction resulting
from decreased eNOS activity leads to decreased
NO generation by endothelial cells, potentially
contributing to the development of AH [30-32].

Antihypertensive therapy for AH in patients
receiving chemotherapy has some distinctive
features. In our study, 12 months after the end of PCT
in 13 women, hypertension control was reached with
triple antihypertensive therapy. In two women, AH
became resistant, which required the prescription of
a four-component antihypertensive regimen.

Changes in lifestyle and reduced sodium intake are
recommended, regardless of anticancer therapy used,
as they have a BP-lowering effect in many patients.
However, strict adherence to recommendations for
non-pharmacological BP control is challenging for
many patients [33].

The choice of antihypertensive drugs in cancer
patientsisinfluenced by several factors. Forexample,
theuseofhydrochlorothiazide(HCTZ)wasassociated
with the development of nonmelanoma skin
cancer in two large studies performed in Denmark
[34] and in the UK [35]. Researchers of the latter
found an association between the use of HCTZ and
the risk of developing basal and squamous cell skin
cancer. On the other hand, studies conducted in
Taiwan [36] and Korea [37] showed no association
of HCTZ application with the development of skin
cancer. However, the use of thiazide-like diuretics,
such as chlorthalidone and indapamide, was not
associated with an increased risk of skin cancer;
therefore, some experts recommend the use of

these drugs rather than HCTZ for the treatment of
hypertension [38].

Several studies suggested that use of ACE
inhibitors (ACElIs) may be associated with an
increased risk of lung cancer. However, these studies
were heavily criticized due to various limitations
in data collection and interpretation, leading to the
conclusion that there is currently insufficient evidence
for altering clinical practice [39]. The European
Society of Cardiology recommends angiotensin
receptor blockers (ARBs) and dihydropyridine
calcium channel blockers (DCCBs) as first-line
therapy for AH. With the development of resistant
hypertension, it is recommended to add f-adrenergic
blockers, spironolactone, and NO donors, such
as isosorbide mono/dinitrate or hydralazine, to
therapy [6].

Regardless of the type of a drug used, more
than one drug is required to treat AH caused by
anticancer therapy. J.B. Cohen et al. suggested that
patients with BP above the target values should
start receiving DCCB in the absence of proteinuria
and ACEI / ARB in the presence of proteinuria,
titrated to an effective dose. The next step in BP
management should be adding a drug from the class
that was not initially prescribed (i.e. ACEI / ARB if
CCB was received first, and vice versa). The third
step in treatment intensification should be the use
of a diuretic, unless contraindicated, followed by a
MCRA or a B-adrenergic blocker [3].

Thus, AH is a common comorbidity as well as
an adverse event in cancer patients and should,
therefore, be closely monitored. The effect of
antitumor therapy on the development of AH and
treatment effectiveness should be thoroughly studied,
since the prevention of cardiovascular morbidity and
mortality is of paramount importance both in active
cancer patients and in people with a history of cancer.

CONCLUSION

Pre-existing AH plays a crucial role in
the  development of  anthracycline-induced
cardiotoxicity, despite the quality of BP control.
PCT with anthracyclines may deteriorate BP control
in patients with AH, which requires addition of new
antihypertensive drugs to the treatment regimen.

Despite efforts made to understand the role of
various antineoplastic agents in increasing the risk
of AH and influencing its course, many mechanisms
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have not been fully defined, and clinical studies
assessing the effectiveness and safety of specific
antihypertensive drugs in cancer survivors are
limited. Survivor populations are heterogeneous and
have rich treatment history; therefore, the diagnosis
and treatment of AH may need to be tailored to
different subgroups. Understanding the mechanisms
responsible for changes in BP in cancer patients will
facilitate identification of new therapeutic targets in
patients with AH.
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